Background {#Sec1}
==========

Urothelial carcinoma typically occurs in the urinary system: the kidney, urinary bladder, and accessory organs \[[@CR1]\]. It is the most common type of bladder cancer (BC) and cancer of the ureters, urethra, and urachus. BC is the second most common malignancy of the genitourinary tract, and shows a male predominance in Korea; it has the seventh highest incidence in men \[[@CR2]\]. An estimated total of 3824 new BC cases and 1412 BC-related deaths were expected to occur in Korea in 2016 \[[@CR3]\]. Among newly diagnosed patients, approximately 70--80% present with non-muscle-invasive BC (NMIBC). NMIBC is typically managed by transurethral tumor resection, a minimally invasive surgical procedure. The prognosis of NMIBC patients can be favorable if the disease has not progressed to muscle-invasive BC (MIBC). However, NMIBC eventually progresses to MIBC in approximately 30% of patients. Radical cystectomy (RC) with pelvic lymph node dissection (PLND) is the customary treatment option for local MIBC. RC with PLND is sometimes used to treat NMIBC, including Bacille Calmette-Guerin (BCG)-refractory cases and high-grade tumors. Nonetheless, approximately 50% of patients experience a relapse within 2 years. The 3-year survival rate is less than 50% \[[@CR4]\]. Neoadjuvant chemotherapy before RC has been recognized as a treatment to improve cancer-specific survival (CSS) rates. These results provided evidence for neoadjuvant chemotherapy \[[@CR5], [@CR6]\]. However, eligible patients are difficult to identify because of the poor prognostic value of the current clinical staging system, resulting in its underuse \[[@CR7]\]. Therefore, a preoperative prognostic factor capable of adequately stratifying patients for optimal preoperative management is needed.

In most clinical fields, alanine aminotransferase (ALT) and aspartate aminotransferase (AST) are the most utilized liver enzymes. In 1957, the ratio of the serum activities of AST and ALT was initially described by De Ritis, and has been known as the De Ritis ratio (AST/ALT) \[[@CR8]\]. Cancer and non-cancerous tissues generated these enzymes and they have been stated as important prognosticators in lots of malignant tumors. These include multiple myeloma, colonic, pancreatic, renal cell carcinoma (RCC), and upper tract urothelial cancer (UTUC) \[[@CR9]--[@CR13]\]. For example, Bezan et al. reported that the preoperative De Ritis ratio was an independent prognostic factor in patients with non-metastatic RCC \[[@CR12]\]. The De Ritis ratio is hypothesized to be associated with increased anaerobic glycolysis, a process known as the Warburg effect. Due to the fact that urothelial carcinoma was also reported to be related to glucose metabolism, we hypothesized that the De Ritis ratio might also have a prognostic role in BC \[[@CR14], [@CR15]\]. To the best of our knowledge, the prognostic value of the De Ritis ratio has not been evaluated in patients with BC. Therefore, we aimed to evaluate the prognostic value of the De Ritis ratio in patients who underwent RC for BC.

Methods {#Sec2}
=======

Between August 2008 and May 2013, 118 patients with non-metastatic urothelial BC underwent RC at our hospital following Institutional Review Board approval (approval number: KNUMC 2016--05-021). Before RC, all the patients underwent transurethral resection of bladder tumors (TUR-BTs). After histopathological analyses and checking up the images, we carried out RC. The most of patients underwent RC were MIBC free of remote metastasis. Additionally, recurrent multifocal superficial refractory tumor, repeated transurethral resection, and BCG-resistant carcinoma in situ (CIS) are also indicators. We excluded the pateitns with previous pelvic radiation, clinical stage M1, prior combination surgery, and patients with chronic liver disease (hepatitis, liver cirrhosis, and severe fatty liver disease) including hepatitis B or C virus carriers. Open RC was performed through a midline incision in the typical manner \[[@CR16], [@CR17]\]. Robot-assisted RC was performed using the same surgical procedure, as reported by Menon et al. \[[@CR18], [@CR19]\]. The 2010 American Joint Committee on Cancer (AJCC) TNM staging system for BC was used for clinical T stage. \[[@CR20]\]. Histologic grades were determined according to the 2004 World Health Organization (WHO) classification system \[[@CR21]\]. Measurements of AST and ALT were routinely included in our preoperative workup and were performed before RC. Cisplastin-based chemotherapy was performed for at least 4 cycles in patients with good performance status among those with pT3, pT4, and node-positive disease. We used the published guidelines that apply to each patient for management and follow-up. \[[@CR22]\].

To settle the ideal cutoff level, the receiver-operating characteristic (ROC) curve of the De Ritis ratio for metastasis (44 metastasis vs. 74 non-metastasis) was used. An optimal cutoff value of 1.3 was based on a maximal Youden index at this value. The area under the curve of the De Ritis ratio was 0.606 (Fig. [1](#Fig1){ref-type="fig"}). Subsequently, the high De Ritis ratio cohort was defined patients with De Ritis ratios ≥1.3 and the others (De Ritis ratio \< 1.3) were allocated to the low De Ritis ratio cohort. Student's t-test and chi-square test were used to compare the clinicopathological features stratification according to De Ritis ratio. The survival spreads, including metastasis free survival (MFS), CSS and overall survival (OS), were assessed by the Kaplan-Meier method. Comparison of survival distributions was performed by a log-rank test between two cohorts. Factors independently associated with MFS, CSS, and OS were determined using a multivariate Cox proportional hazard regression model, with hazard ratios (HRs) and 95% confidence intervals (CIs) calculated for each factor. Differences with p\<0.05 were considered statistically significant. IBM SPSS ver. 18.0 (IBM Co., Armonk, NY, USA) was used for statistical analyses.Fig. 1Receiver operating characteristics (ROC) curve of pretreatment De Ritis ratio

Results {#Sec3}
=======

Among the 118 patients, 49 had low De Ritis ratios and 69 had high De Ritis ratios. Their median age was 69 years (interquartile range, 60--74). Patients with high De Ritis ratios were significantly older and predominantly women, but were otherwise similar to patients with low De Ritis ratios with respect to body mass index, American Society of Anesthesiologists score, receipt of BCG instillation and neoadjuvant chemotherapy, clinical stage at the time of the latest TUR-BT, and presence of CIS at the time of the last TUR-BT (Table [1](#Tab1){ref-type="table"}).Table 1Patient demographics and preoperative characteristicsParametersLow De Ritis ratio (\< 1.3, *N* = 49)High De Ritis ratio (≥1.3, *N* = 69)*P*Age, y0.029 \< 7032 (65.3)31 (44.9) ≥7017 (34.7)38 (55.1)Gender0.032 Male45 (91.8)53 (76.8) Female4 (8.2)16 (23.2)BMI (kg/m^2^, ±SD)22.97 ± 3.2822.16 ± 2.940.156ASA classification0.617 18 (16.3)9 (13.0) ≥241 (83.7)60 (87.0)Clinical stage at latest TUR-BT0.609 ≤T119 (38.8)30 (43.5) ≥T230 (61.2)39 (56.5)Presence of CIS at last TUR-BT0.221 No47 (95.9)62 (89.9) Yes2 (4.1)7 (10.1)BCG instillation history0.678 No45 (91.8)60 (89.6) Yes4 (8.2)7 (10.4)Neoadjuvant chemotherapy0.92 No40 (81.6)56 (82.4) Yes9 (18.4)12 (17.6)*BMI* body mass index, *BCG* Bacille Calmette-Guerin, *ASA* American Society of Anesthesiologists, *TUR-BT* transurethral tumor resection of bladder tumor, *CIS* carcinoma in situ

Comparisons of clinicopathological variables according to De Ritis ratios are summarized in Table [2](#Tab2){ref-type="table"}. Most clinicopathological parameters, including pathological and histological grade, lymph node involvement, and lymphovascular invasion, did not differ significantly between the two groups.Table 2Comparison of clinicopathological variables according to De Ritis ratio in 118 patients who underwent radical cystectomyParametersLow De Ritis ratio (\< 1.3, *N* = 49)High De Ritis ratio (≥1.3, *N* = 69)*P*Pathologic stage0.75 T0, Tis, Ta4 (8.2)6 (8.7) T111 (22.4)17 (24.6) T216 (32.7)15 (21.7) T312 (24.5)22 (31.9) T46 (12.2)9 (13.0)Histologic grade0.072 Low4 (8.2)1 (1.4) High45 (91.8)68 (98.6)Lymph node involvement0.777 No38 (77.6)55 (79.7) Yes11 (22.4)14 (20.3)Lymphovascular invasion0.465 No41 (83.7)54 (78.3) Yes8 (16.3)15 (21.7)Median follow-up periods (months, range)40 (6.5--83.3)31.8 (4.3--95.3)0.089Metastasis0.015 No37 (75.5)37 (53.6) Yes12 (24.5)32 (46.4)Cancer-related death0.045 No39 (79.6)43 (62.3) Yes10 (20.4)26 (37.7)Overall death0.039 No38 (77.6)41 (59.4) Yes11 (22.4)28 (40.6)

The median follow-up duration was 34.1 months, during which 44 patients showed metastasis and 39 patients died, including 36 who died due to BC. Notably, patients with high De Ritis ratios had significantly inferior MFS (53.6% vs. 75.5%; *P* = 0.015), CSS (62.3% vs. 79.6%; *P* = 0.045), and OS (59.4% vs. 77.6%; *P* = 0.039) rates than those with low De Ritis ratios (Table [2](#Tab2){ref-type="table"}). The Kaplan-Meier analyses showed significantly inferior survival outcomes for MFS (*P* = 0.012), CSS (*P* = 0.024), and OS (*P* = 0.022) in patients with high De Ritis ratios (Fig. [2](#Fig2){ref-type="fig"}). Moreover, the De Ritis ratio was found to be independently associated with metastasis (HR, 2.389; *P* = 0.018), cancer-related death (HR, 2.755; *P* = 0.015), and overall death (HR, 2.761; *P* = 0.001) on multivariable analysis (Table [3](#Tab3){ref-type="table"}). To confirm these results, we performed additional analyses. The De Ritis ratio was tested as a continuous variable in another multivariate Cox regression model. The preoperative De Ritis ratio as a continuous variable (*P* = 0.008, *P* = 0.003, and *P* = 0.002, respectively) and pathological T stage (*P* = 0.008, *P* \< 0.001, and *P* \< 0.001, respectively) were independent predictors of metastasis, cancer-related death, and overall death (Table [3](#Tab3){ref-type="table"}).Fig. 2Kaplan--Meier curves predicting metastasis-free survival (**a**), cancer-specific survival (**b**), and overall survival (**c**) according to the De Ritis ratioTable 3Multivariate Cox regression analysis of factors predictive of prognosis in bladder cancer after radical cystectomyParametersHR95% CI*P*HR95% CI*P*ParametersHRMultivariate Cox proportional analysis to metastasisAge (\< 70 vs. ≥70)0.9940.9591.0300.7250.9980.9641.0330.894Gender (male vs. female)0.8250.3541.9230.6550.7450.2881.9280.544BMI0.9720.8671.0880.6180.9570.8541.0730.450Pathologic T stage1.6671.2342.2510.0011.7761.2962.434\< 0.001Lymph node involvement1.7270.8953.3350.1031.8160.9423.5010.075Grade0.6400.0785.2490.6780.5490.0654.6290.582De Ritis ratio (Low vs. high)2.3891.1614.9140.018De Ritis ratio (Continuous)1.5821.1292.2190.008Multivariate Cox proportional analysis of cancer-related deathAge (\< 70 vs. ≥70)0.9960.9591.0350.8341.0000.9641.0380.988Gender (male vs. female)0.4880.1641.4480.1960.3630.0961.3770.136BMI0.9410.8251.0730.3610.9190.8071.0460.200Pathologic T stage1.8411.2972.6120.0011.9331.3422.784\< 0.001Lymph node involvement1.6130.7753.3580.2011.7080.8233.5460.151Grade0.5840.0694.1490.5890.4610.0515.2860.685De Ritis ratio (Low vs. high)2.7551.2146.2490.015De Ritis ratio (Continuous)1.8481.2392.7550.003Multivariate Cox proportional analysis of overall deathAge (\< 70 vs. ≥70)0.9990.9631.0370.9561.0040.9691.0410.807Gender (male vs. female)0.4710.1611.3770.1690.3370.0881.2850.111BMI0.9720.8581.1000.6510.9520.8401.0780.436Pathologic T stage1.9211.3682.698\< 0.0012.0171.4152.876\< 0.001Lymph node involvement1.5720.7783.1760.2071.6940.8423.4090.139Grade0.3260.0655.3720.5380.5560.0644.7180.538De Ritis ratio (Low vs. high)2.7611.2576.0670.011De Ritis ratio (Continuous)1.8601.2622.7430.002*HR* hazard ratio, *CI* confidence interval, *BMI* body mass index

Discussion {#Sec4}
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BC most commonly affects elderly individuals and those with significant comorbidities and an impaired performance status \[[@CR23]\]. RC remains the gold standard of treatment in patients with local MIBC and in some cases of NMIBC \[[@CR18]\]. However, despite these aggressive local approaches, long-term prognosis remains poor due to disease recurrence accompanied by local and/or distant metastasis \[[@CR24]\]. These poor outcomes suggest a need for ongoing risk stratification and appropriate selection of multimodal treatment approaches, such as chemotherapy in neoadjuvant or adjuvant settings. With recent advances in techniques, an extremely large number of new prognostic markers have been identified \[[@CR25]\]. New biomarkers predictive of outcomes would help clinicians provide risk stratification for patients and serve as prognostic indicators for individual patients \[[@CR26]\]. For clinical practice purposes, a potential prognosticator would generally have great potential if it could be easily and inexpensively determined by routine measures.

In this study, we determined that an elevated De Ritis ratio showed a significant association with adverse outcomes in patients with BC who underwent RC. Patients with elevated De Ritis ratios showed significantly inferior survival outcomes in terms of MFS, CSS, and OS after RC in patients with BC. Moreover, elevated De Ritis ratios were found to be significant independent predictors of metastasis, cancer-related death, and overall death. To our knowledge, this study is the first to identify the De Ritis ratio as a novel significant prognostic biomarker in BC. Because the De Ritis ratio may be inexpensively and reproducibly measured, it might become a promising tool in the management of BC.

The amino transaminase enzymes (AST and ALT) which are strongly involved in cellular metabolism and cancer cell turnover, represent easily measurable potential blood-based biomarkers \[[@CR12]\]. Amino transaminases are widely used to determine liver function in clinical care. Moreover, amino transaminases are used to identify liver diseases such as viral hepatitis and alcohol abuse. De Ritis et al. were the first to introduce the AST/ALT ratio as a useful indicator for differentiating the etiology of acute hepatitis \[[@CR8]\]. Previous studies of certain types of cancer indicate that different levels of these enzymes are associated with patient prognoses \[[@CR11]--[@CR13], [@CR27], [@CR28]\].

For instance, the results from Tan et al. showed that AST/ALT ratio over 2.0 was an independent prognosticator of poor survival in patients with distal cholangiocarcinoma, \[[@CR28]\], and Bezan et al. represented that preoperatively assessed De Ritis ratio (\> 1.26) was significantly associated with the clinical course of patients with non-metastatic RCC \[[@CR12]\]. Rawson and Peto retrospectively analyzed 3873 patients with small cell lung cancer and concluded that AST was a significant prognostic factor \[[@CR27]\]. Lindmark et al. also reported that AST and ALT were significantly associated with patient survival after analyzing 212 patients with colorectal cancer \[[@CR9]\]. Stocken et al. analyzed the data of 653 patients with advanced pancreatic cancer from 2 randomized studies. Stockon et al. also concluded that AST was independently related to CSS \[[@CR11]\]. An additional study conducted by Kiba et al. reported that high AST and lactate dehydrogenase levels were significantly associated with inferior OS in patients who received bortezomib and dexamethasone chemotherapy for multiple myeloma \[[@CR10]\]. Moreover, Nishikawa et al. first reported that the De Ritis ratio was a significant prognostic biomarker in UTUC \[[@CR13]\]. They conducted a retrospective multivariate analysis of 109 patients and concluded that the De Ritis ratio, pathological stage, lymph node metastasis, and tumor grade were independent predictors of extravesical recurrence-free survival.

An enormous rise in glycolysis and glucose uptake was needed in tumorigenesis and cancer progression. Actually, the formation of abundant pyruvate and lactate is the common characteristics of tumor cells. Warburg discovered this event \[[@CR29]\]. Although there is oxygen, the increase in the velocity of glucose delivery is accompanied by enhanced glycolysis. Increased glycolysis is known to be linked to several alterations in mitochondrial activity. Furthermore, increased glycolysis is also associated with nicotinamide adenine dinucleotide-related enzyme activity and glucose transporter activity \[[@CR30]\].

Moreover, the malate-aspartate shuttle pathway has AST as a main component. Consequently, tumor metabolism might be associated with De Ritis ratio in several glucose using cancers. In addition, BC is noted as a glucose-reliant malignant tumor \[[@CR14], [@CR15], [@CR30]\]. The uptake of glucose by BC cells via using fluorescence microscopy was explored by Whyard et al. \[[@CR30]\]. They found that noteworthy changes in glucose consumption between normal urothelium and tumor cells. In this study, increased lactate production amplified the pyruvate synthesis and the concentration of glutamine was elevated. The Warburg effect has all of these features. Based on these results and our data from the present study, it is likely that De Ritis ratio was linked to BC. However, the precise mechanism for revealing the relationship between increased De Ritis and poor prognosis of BC patients has not been established.

We would like to emphasize several drawbacks of this study. Initially, this was a retrospective study with a comparatively small number of patients, and the follow-up period was relatively short. Second, the existence of undetected liver pathologic conditions that can influence the serum levels of AST or ALT might distort the De Ritis ratio, although we excluded the patients with chronic liver disease (hepatitis, liver cirrhosis, and severe fatty liver disease) including hepatitis B or C virus carriers In addition, we did not evaluate the smoking history of the patients. Smoking is a significant risk factor for BC and plays an important role in BC progression; however, it was very difficult to obtain exact information on patient smoking. A self-completed questionnaire about smoking may have introduced recall bias. Some studies in Korea about the association between *BC* and smoking history showed discordant results. Lastly, we included only Korean population in our cohort. Additionally, studies of other ethnic groups are required before our results can be applied universally.

Conclusions {#Sec5}
===========

This study is the first of its kind to investigate the effect of a preoperative assessment of the De Ritis ratio. Our study was also the first to include the prognosis of patients with BC who underwent RC. An elevated De Ritis ratio was found to significantly increase the risk of metastasis, cancer-specific death, and general mortality after undergoing RC for BC. The De Ritis ratio should be regarded as an important tool to be used in counseling patients regarding expected outcomes.
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